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A B S T R A C T
Temporary rivers comprise a significant proportion of river networks globally and their prevalence is expected to
increase as a result of future climate change and anthropogenic water resource pressures. Despite this, the
influence of drying events on freshwater biomonitoring tools within temporary rivers has received limited re-
search attention within temperate environments. This study examines the effects of flow permanence and
longitudinal drying patterns on selected biomonitoring indices used within the United Kingdom to assess the
ecological status of waterbodies within the context of the Water Framework Directive. These indices are based on
faunal tolerances and preferences to nutrient enrichment (BMWP, ASPT and Ntaxa) and flow velocity (Family
LIFE). Long-term biomonitoring data from four rivers within southern England were examined, two of which dry
longitudinally from the headwaters and two that dry within the mid-reaches. The results demonstrate that all of
the biomonitoring indices examined differed significantly between each ‘hydrological class’ (i.e. temporary
versus perennial reaches), with those based on absolute scores (BMWP and Ntaxa) displaying greater differences
compared to those derived using scores standardized by the number of taxa recorded (ASPT and Family LIFE).
The individual influence of drying pattern did not have a significant effect on any biomonitoring index.
However, the interaction between the hydrological class and drying pattern significantly influenced all bio-
monitoring indices, indicating that the effect of flow intermittency on the metrics examined differed between
drying patterns. Flow permanence explained a greater amount of statistical variation compared to the hydro-
logical class and highlights the importance of the duration of flowing conditions on biomonitoring indices. The
results indicate that flow intermittency has a significant effect on freshwater biomonitoring tools and highlights
the need to incorporate this knowledge into existing management and environmental policy frameworks to
prevent the misclassification of the ecological status of temporary streams.
1. Introduction
Temporary rivers, also referred to as intermittent, non-perennial, or
ephemeral, are lotic ecosystems that experience the cessation of surface
flows partially or completely for a period of time (Leigh et al., 2016).
Temporary rivers are widely distributed across drainage basins span-
ning all climatic zones, where they make a substantial contribution to
the total channel length and discharge volume of the global river net-
work (Larned et al., 2010; Datry et al., 2014b). The total channel length
of temporary streams within river networks is predicted to increase in
response to rising volumes of water abstraction and future climate
change, resulting in a greater frequency and duration of channel drying
events (Palmer et al., 2008; Acuña et al., 2014). However, temporary
streams are often not specifically recognised or incorporated within
environmental policy frameworks and there remains a need to examine
the influence of flow intermittency on the biomonitoring indices cur-
rently employed in the implementation of environmental legislation
(Leigh et al., 2016; Acuña et al., 2017).
The flora and fauna supported by temporary streams display a range
of adaptions to the variations between wet and dry periods (Stanley
et al., 1994; Boersma et al., 2014). The duration of flowing conditions
will govern the survival of temporary water specialists as this will
dictate whether taxa can complete their life-cycle (Bogan et al., 2013;
Garcia et al., 2017). In addition, catchment-wide longitudinal drying
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patterns (sensu Lake, 2003) potentially regulate fauna being able to
colonize and persist within temporary streams. For example, rivers that
dry within the mid-reaches possess upstream and downstream per-
ennial sources from which taxa can migrate (aquatically or aerially)
into temporary reaches once flows resume (Storey and Quinn, 2008;
Arscott et al., 2010). In contrast, the (re)colonization of taxa from
permanent waterbodies may require longer periods of time within
rivers that dry from the headwaters as fauna are forced to migrate
aquatically upstream or aerially disperse (Wright et al., 1984; Wood
et al., 2005; White et al., 2018).
Although temporary and perennial rivers support distinct faunal
assemblages, the ecological status of most lotic systems is characterised
by the same biomonitoring indices as those employed in perennial
systems internationally (Dallas, 2013; Leigh et al., 2016). Macro-
invertebrates are one of the most widely utilized freshwater biomoni-
toring indicator group globally, with a large number of biotic indices
and tools available based on faunal tolerances and preferences in re-
lation to specific pressures (Rosenberg and Resh 1993; Buss et al.,
2015). Within Europe, the majority of macroinvertebrate biomoni-
toring indices used in the implementation of the Water Framework
Directive (European Union, 2000) are largely based on the sensitivity of
taxa to nutrient enrichment (Birk et al., 2012) and have been pre-
dominantly guided by evidence from perennial environments (Reyjol
et al., 2014). The inappropriate use of such metrics within temporary
streams could lead to such systems being ecologically misclassified
(Acuña et al., In Press). Although the utilization of biomonitoring in-
dices within temporary waterbodies has been researched within Med-
iterranean climates (e.g. Morais et al., 2004; Munné and Prat, 2011;
Mazor et al., 2014), it has not been explored within temperate regions,
despite the widespread geographical distribution of temporary streams
within these environments (see Stubbington et al., 2017).
Within the United Kingdom (UK), the sensitivity of macro-
invertebrates to nutrient enrichment has underpinned the biotic indices
used to characterise the ecological health and status of aquatic en-
vironments for the Water Framework Directive (Birk et al., 2012;
Paisley et al., 2014). To complement these, some national environ-
mental regulators have developed additional biomonitoring tools to
assess specific pressures, such as flow velocity/discharge (Extence et al.,
1999) or fine sediment loading (Extence et al., 2013), which may aid in
the identification of any underlying causes of failure to achieve the
required ecological target (e.g. Clews and Omerod, 2009). However,
aquatic biomonitoring indices have traditionally not considered the
effects of flow intermittency on lotic communities within the UK (but
see Chadd et al., 2017) and compliance with the Water Framework
Directive has been historically focussed on biotic communities sampled
from sites situated in lower parts of the catchment which possess per-
manent flow regimes. This study examines how macroinvertebrate
community biomonitoring indices routinely employed by environ-
mental regulators and river managers within the UK have been affected
by flow intermittency and longitudinal drying patterns over a long-term
(> 20 years) time period.
2. Methods
2.1. Study area and data collection
Four streams overlaying chalk geology (CaCO3) in southern England
(UK) were examined. The waterbodies display two distinct longitudinal
‘drying patterns’ (DP; Fig. 1): two rivers which dry longitudinally
downstream from the headwaters (River Tarrant and Chitterne Brook)
and two that dry outwards from the mid-reaches and possess upstream
and downstream sources of perennial water (Devil’s Brook and North
Winterbourne). Three of the rivers are primarily surrounding by arable
agriculture (National River Flow Archive, 2017a, 2017c), although the
Chitterne Brook is surrounding by large areas of grassland (National
River Flow Archive, 2017b). Temporary streams are widespread across
chalk headwaters due to large seasonal fluctuations in the water table
(Sear et al., 1999) and are regionally called ‘winterbournes’. The strong
geological influence of the chalk on the receiving waters produces a
highly stable flow regime which does not respond rapidly to rainfall.
This typically results in a low stream power which limits the potential
sediment transport capacity, leading to shorter riffles often being in-
terspersed by longer stretches of slow-flowing habitats (Sear et al.,
1999). The physico-chemical properties of these systems are typically
characterized by high alkalinity, conductivity and nutrient levels due to
the strong geological influence of the underlying chalk. Chalk streams
typically display high dissolved oxygen levels due to abundant macro-
phyte growths and also typically support diverse macroinvertebrate and
fish communities (Sear et al., 1999). All of the study sites are routinely
monitored by the Environment Agency (the statutory environmental
regulator within England) and all four rivers have been classified as
possessing a ‘Good’ chemical status consistently across recent years and
a hydromorphological condition regarded as ‘not being artificial or
heavily modified’ (Environment Agency, 2017). Many chalk stream
catchments are subject to groundwater abstraction practices which can
potentially influence the hydrological variability within these systems
(Soley et al., 2012). However, White et al. (2018) could not detect any
ecological implications of such flow alterations across the study region,
which indicates that such activity has minimally affected the biotic
compositions inhabiting the rivers examined within the present study.
In spite of this, the rivers have been classified as ecologically failing in
accordance with the Water Framework Directive across multiple years
during the study period (Environment Agency, 2017).
Long-term flow intermittency patterns were established along three
of the studied rivers, whereby biological sampling locations were vis-
ited on a monthly basis for ≥13 years and the presence/absence of
surface water flow was recorded. This procedure was also undertaken
along the Devil’s Brook for two years and hydrological information
obtained from this was validated using expert opinion from regional
surveyors and consultation of existing literature (e.g. Arnott et al.,
2009) to assign biological sites to flow permanence (FP) groups (see
below). Macroinvertebrate samples were collected by Wessex Water
plc. (the regional water company) and the Environment Agency as part
of routine biomonitoring between 1990 and 2014 (n = 326). Com-
parable numbers of samples were analysed from ‘perennial’ (n = 160)
and ‘temporary’ (n = 166) sites (termed as the two ‘hydrological
classes’ (HC) herein). These were defined as sites that flow continuously
(except possibly during extreme drought events) and sites which dry
periodically, respectively. Samples were collected during routine bio-
monitoring sampling periods of spring (n = 175) and autumn (n = 95),
with additional samples being collected during summer (n = 56) often
to monitor the ecological effects of low flows. Temporary sites were also
subdivided into FP categories based on the available hydrological in-
formation, which were adapted from existing hydrological classifica-
tions of chalk headwater streams in the study region (see Punchard and
House, 2009; White et al., 2018): ‘intermittent’ (sites typically flowing
for less than 4 months each year – n = 13); ‘winterbourne’ (sites nor-
mally flowing for 4–9 months each year and almost always flowing
during the winter months – December-February – n = 42) and ‘transi-
tional’ (sites typically dry for up to 3 months each year but in wetter
years may flow continuously – n = 111). These were examined
alongside samples from ‘perennial’ sites, so that four FP categories were
investigated in total.
Macroinvertebrate samples were collected following the
Environment Agency’s sampling protocol for routine biomonitoring
assessment, whereby during flowing conditions the surveyor would
disturb the river bed via a kicking motion for 3 min across all habitats
present (e.g. macrophytes, gravels), with the time designated to each
habitat being divided proportionally relative to their occupied surface
area. Following this, a 1 min hand search of instream material was
performed to obtain taxa attached to bed features difficult to disturb via
kicking (e.g. larger substrates; Murray-Bligh, 1999; ISO, 2012).
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Macroinvertebrates were predominantly identified to family-level in
accordance with the taxonomic resolution typically used for biomoni-
toring indices to fulfil legislative obligations in the environmental
sector (ISO, 2012). This was with the exception of Oligochaeta, which
were recorded as such. The ‘Biological Monitoring Working Party’
(BMWP) score and its derivatives ‘Average Score Per Taxon’ (ASPT) and
‘Number of scoring taxa’ (Ntaxa) were calculated for each sample to
represent the sensitivity of macroinvertebrate communities to nutrient
enrichment (Armitage et al., 1983; Hawkes 1998). ASPT is calculated
by dividing the BMWP scores by Ntaxa. These standard biomonitoring
indices have been historically employed by the Environment Agency (as
well as other statutory environmental bodies in the UK) to underpin the
macroinvertebrate quality element of the ecological status assessment
established within the Water Framework Directive. In addition, the
family-level ‘Lotic-invertebrate Index for Flow Evaluation’ (Family
LIFE: Extence et al., 1999) was calculated as a supplementary metric as
it characterizes the preferences and tolerances of taxa to flow velocities
and may be more sensitive to reduced surface flows and water loss. This
index is also standardized by the number of taxa recorded and in-
corporates the abundance of taxa within its derivation. Family LIFE is
routinely used by UK regulatory bodies to set water abstraction licence
conditions and track drought effects.
2.2. Data analysis
All analyses were conducted within R studio version 3.3.1 (R
Development Core and Team, 2014). Mixed-effect models were utilized
to examine the sensitivity of biomonitoring indices (dependent vari-
ables) to the hydrological class (HC), drying pattern (DP) and flow
permanence (FP), which were used as fixed effects. The influences of
HC, DP, and their interactive effects were examined in relation to each
biomonitoring index. The influence of FP on biomonitoring indices was
examined within separate mixed-effect models due to an uneven
number of samples within FP categories for each DP, which precluded a
FP × DP interaction from being reliably tested. BMWP and Ntaxa were
modelled using a Poisson distribution via ‘generalized linear mixed-ef-
fect models’ (GLMMs), while ASPT and Family LIFE were modelled with
a Gaussian distribution using linear mixed-effect models (LMMs); these
were conducted using ‘glmer’ and ‘lmer’ functions (respectively) within
the ‘lme4′ package (Bates et al., 2017). The identity of each watercourse
and sampling season were used as random effects in all models to ac-
count for any potential lack of spatial or temporal independence be-
tween macroinvertebrate samples. Random intercept models were
fitted in all instances using a maximum-likelihood approximation. The
degree of model dispersion within each GLMM was tested via the ‘dis-
persion_glmer’ function within the blmeco package and an observation-
level random effect was added when values exceeded 1.4 to ensure that
models weren’t over-dispersed (Korner-Nievergelt et al., 2015). Re-
sidual diagnostics plotted from the ‘simulateResiduals’ function in the
DHARMa package (Hartig, 2017) was used to examine the model as-
sumptions of each GLMM. For LMMs, Quantile–Quantile (QQ) plots
were inspected to ensure that the data were normally distributed and
Pearson residuals were examined against fixed values to assess the
homogeneity of variances and to identify outliers (Bolker et al., 2009; a
maximum of 4 values were removed from an individual model). The
significance of each fixed effect comprising all GLMMs and LMMs was
obtained via likelihood ratio tests. The amount of statistical variation
accounted for by each fixed effect was derived from marginal pseudo r-
squared values (R2m; see Nakagawa and Schielzeth, 2013) and were
obtained using the ‘rsquared.glmm’ function in MuMIn (Bartoń, 2017).
All graphics were prepared using the ggplot2 package (Wickham and
Chang, 2016).
3. Results
All biomonitoring indices were significantly influenced by the hy-
drological class (HC – i.e. ‘temporary’ or ‘perennial’) and its interaction
with the drying pattern (DP). However, no biomonitoring indices were
significantly affected by the individual influence of DP (see Table 1).
Perennial sites typically obtained higher BMWP scores and Ntaxa values
compared with temporary reaches along rivers which dried long-
itudinally from the headwaters, but overlapped more so within rivers
that dried from the mid-reaches (see Fig. 2a and b). ASPT and Family
LIFE scores displayed less marked differences between each HC for both
DPs, although marginally increased within perennial sites at streams
drying longitudinally from the headwaters and slightly decreased at
perennial sites positioned along watercourses which dried within the
mid-reaches (see Fig. 2c and d). The amount of statistical variance
explained by each biomonitoring index was always lower when con-
sidering HC (maximum R2m= 0.25) compared to FP (maximum
Fig. 1. The location of the studied rivers within the
United Kingdom.
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R2m= 0.41; see Table 1). All biomonitoring indices differed sig-
nificantly between FP groups, with those being calculated from abso-
lute values (BMWP and Ntaxa) accounting for a greater amount of
statistical variation compared to metrics derived from averaged values
(ASPT and Family LIFE; see Table 1). BMWP and Ntaxa scores were
always lowest within the ‘intermittent’ FP group and exhibited an
overall positive association with the degree of flow permanence. Within
rivers which dried longitudinally from the headwaters, BMWP and
Ntaxa scores increased substantially from ‘transitional’ to ‘perennial’
sites, but overlapped considerably between these FP groups on rivers
which dried in the mid-reaches (see Fig. 3a and b). ASPT and Family
LIFE scores increased more consistently across FP groups within rivers
drying longitudinally from the headwaters, but peaked within the
transitional FP group in rivers drying from the mid-reaches (Fig. 3c and
d). Family LIFE scores displayed the greatest amount of variability
within intermittent sites (Fig. 3d).
4. Discussion
4.1. The use of biomonitoring indices within temporary streams
Despite a recent increase in international interest, temporary rivers
remain largely understudied compared to their perennial counterparts
(Datry et al., 2014a, 2014b; Leigh et al., 2016). It is widely recognised
that temporary and perennial environments support distinct biotic
communities (e.g. Stubbington et al., 2009; Arscott et al., 2010; Bogan
et al., 2013; White et al., 2018). However, the ecological status of
temporary streams is usually characterised using the same metrics as
those designed and utilized within perennial systems (Reyjol et al.,
2014; Leigh et al., 2016). The influence of flow intermittency on ex-
isting biomonitoring indices has been more widely explored within
Mediterranean environments (e.g. Morais et al., 2004; Munné and Prat,
2011; Mazor et al., 2014) due to the widespread occurrence of tem-
porary waterbodies within such climates (Dallas, 2013; Cid et al.,
2017). However, the reliability of ecological metrics on temporary
streams within temperate environments has been comparatively un-
derstudied (Stubbington et al., 2017) and has not been widely con-
sidered beyond this study.
4.2. Differences in biomonitoring indices between temporary and perennial
streams
The results of this study indicated that the biomonitoring indices
used to assess the ecological status of UK waterbodies for the Water
Framework Directive differed significantly between hydrological
classes (HC; i.e. ‘temporary’ or ‘perennial’) and also varied as a function
of longitudinal drying patterns (DP). Temporary reaches supported
macroinvertebrate communities characterized by a lower number of
taxa (Ntaxa) and BMWP scores. The former might be anticipated given
the greater number of macroinvertebrate species that perennial wa-
terbodies typically support compared with temporary systems (e.g.
Wood et al., 2005; Datry, 2012; Datry et al., 2014a). Higher BWMP
scores associated with perennial flows highlights that such environ-
ments supported taxa which are sensitive to drying events and nutrient
enrichment. This can be expected given the ability of taxa to resist both
stressors is often dependent on comparable faunal traits (Mazor et al.,
2014; Acuña et al., 2017). ASPT and Family LIFE scores did not differ as
markedly between temporary and perennial sites, which probably re-
flects an averaging effect on the derivation of the final score that
standardizes natural differences in alpha-diversity between temporary
and perennial waterbodies (see Stubbington et al., 2017). Similarly,
Munné and Prat (2011) found that unlike the Iberian BMWP (IBMWP –
a regional adaptation of the BMWP score; Alba Tercedor et al., 2002),
the Iberian ASPT score was not significantly influenced by hydrological
variability and attributed this to the relative values of nutrient sensitive
taxa when compared to the IBMWP score. This standardizing effect
within the ASPT calculation has been demonstrated to control for
spatial and temporal changes in taxonomic richness, thus allowing
wider comparison between rivers than that possible using the BMWP
score (Armitage et al., 1983; Chadd and Extence, 2004). This may also
partly account for Family LIFE scores differing less profoundly between
perennial and temporary reaches. In addition, Family LIFE is likely to
be less sensitive to channel drying as it has been designed to account for
the ecological requirements of instream aquatic taxa (even for taxa
adapted to temporary waterways) and summarizes the velocity pre-
ferences of taxa present when sites are flowing, rather than their sen-
sitivity to flow cessation events (Extence et al., 1999).
4.3. The influence of drying pattern on biomonitoring indices
The longitudinal drying pattern that occurs within a river network
has the potential to structure the biotic communities via its effect on the
dispersal potential of taxa. For example, downstream aquatic dispersal
(passively or actively) has been demonstrated as the dominant me-
chanism by which taxa migrate from perennial to temporary reaches
within rivers which dry in the mid-reaches (Arscott et al., 2010; Bogan
et al., 2013). Despite none of the studied biomonitoring indices being
significantly influenced by the individual effect of DP, all indices re-
sponded significantly to the interaction between DP and HC, high-
lighting that the influence of flow cessation events on biomonitoring
tools varied between streams exhibiting different longitudinal drying
patterns (see below).
4.4. The responses of biomonitoring indices to varying degrees of flow
permanence
The results from this study demonstrated that all of the biomoni-
toring indices considered responded more strongly to flow permanence
(FP) categories compared to HC, indicating that the duration of flowing
conditions macroinvertebrate communities were exposed to was critical
to their composition and resulting biomonitoring scores. BMWP and
Ntaxa displayed an overall positive trend within increasing flow per-
manence. This reflects the widely reported pattern of sites with longer
flow durations supporting a greater number of taxa (Datry et al., 2014b)
and the association between taxa which are sensitive to channel drying
also being more vulnerable to organic enrichment (). However, the rate
at which these metrics increased with flow permanence differed be-
tween each DP. BMWP and Ntaxa values increased markedly between
‘transitional’ (sites typically drying for< 3 months annually) and
‘perennial' sites positioned along streams which dried longitudinally
Table 1
(G)LMM outputs examining the responses of biomonitoring indices to the drying pattern,
hydrological class and interaction between the two, as well as the flow permanence. Stars
indicate the degree of significance: NS = non-significant; * = p≤ 0.05; ** = p≤ 0.01;
*** = p≤ 0.001.
Indices Model Χ2 p-value r2m
BMWP DP 0.15 0.697(NS) 0.03
HC 114.02 < 0.001*** 0.25
DP × HC 85.12 < 0.001*** 0.38
FP 204.70 < 0.001*** 0.41
Ntaxa DP 0.30 0.354(NS) 0.00
HC 145.33 < 0.001*** 0.24
DP × HC 86.63 < 0.001*** 0.37
FP 228.89 < 0.001*** 0.39
ASPT DP 0.45 0.500(NS) 0.01
HC 31.47 < 0.001*** 0.10
DP × HC 80.34 < 0.001*** 0.28
FP 108.36 < 0.001*** 0.27
Family LIFE DP 0.15 0.700(NS) 0.00
HC 10.67 0.001** 0.04
DP × HC 33.46 < 0.001*** 0.14
FP 88.76 < 0.001*** 0.25
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from the headwaters, but were broadly comparable between the same
FP groups along rivers which dried in the mid-reaches. It is likely that
the presence of upstream permanent waterbodies allowed taxa to ra-
pidly migrate and recolonize downstream sites with the resumption of
flow (Arscott et al., 2010; Bogan et al., 2013), offsetting the influence of
short-term (c. < 3 months) drying events on biomonitoring scores ob-
tained from rivers which dry within the mid-reaches. In addition,
within rivers exhibiting the same DP, ASPT and Family LIFE scores were
typically higher within transitional sites compared to those recorded
within perennial sites. This suggests that certain taxa migrating
downstream from perennial refuges to transitional sites may be sensi-
tive to nutrient enrichment and adapted to higher flow velocities.
Conversely, ASPT and Family LIFE scores displayed a positive correla-
tion with a clear gradient across FP groups within rivers drying from the
headwaters, further suggesting that longitudinal drying patterns modify
the influence of channel drying on biomonitoring indices, as reported
elsewhere (e.g. Storey and Quinn, 2008).
All biomonitoring scores exhibited their lowest values within in-
termittent sites. Such environments may be dominated by taxa dis-
playing high tolerances to nutrient enrichment, such as Chironomidae
(Order: Diptera; which have a BMWP score of 2). At the family level,
Chironomidae can tolerate a wide range of environmental conditions
(Paisley et al., 2014), are able to quickly colonize temporary waters and
can complete their life-cycle rapidly following the resumption of sur-
face flow (Bogan et al., 2013; Cañedo-Argüelles et al., 2016). Average
Family LIFE scores were typically lowest within intermittent sites, al-
though this metric encountered a high degree of variability within this
FP group. Low Family LIFE scores probably reflect the predominance of
taxa that are adapted to both slow flow and lentic conditions, as well as
dry river channels; this includes some aquatic Coleoptera (e.g.
Fig. 2. Boxplots highlighting differences in biomonitoring index values between each hydrological class and drying pattern. a) BMWP; b) Ntaxa; c) ASPT; d) Family LIFE. Boxes show the
25th, 50th and 75th percentiles, whiskers indicate the minimum and maximum values within 1.5 times of the interquartile range.
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Dytiscidae and Hydrophilidae) and Gastropoda families (e.g. certain
Lymnaeidae and Planorbidae; Punchard and House, 2009; Armitage
and Bass, 2013; White et al., 2018). However, despite Family LIFE
being found to respond significantly to flow variability (Monk et al.,
2006), this association becomes unreliable when flows cease and the
velocity preferences of fauna may not correspond with thresholds in
hydrological conditions associated with drying events (see Chadd et al.,
2017). This almost certainly explains the greater degree of variability
and uncertainty associated with highly intermittent sites which typi-
cally dry for at least nine months annually.
4.5. Study implications
The watercourses examined within this study have frequently been
classified as ecologically “failing” across multiple years, despite con-
sistently possessing a ‘Good’ chemical status and hydromorphological
properties without significant anthropogenic alteration (Environment
Agency, 2017). The results of this study strongly suggest that flow in-
termittency is causing the ecological status of the studied rivers to be
misclassified. This supports the view of several authors who have called
for the ecological status of temporary river systems to be more reliably
quantified (Prat et al., 2014; Leigh et al., 2016) and highlights the need
for environmental policy to incorporate biomonitoring indices or tools
that account for the ecological implications of natural and artificial
stream drying events (see Chadd et al., 2017). Further research is re-
quired to examine how sensitive different ecological metrics are to
different degrees of flow permanence. Examining various biomoni-
toring tools designed to quantify the sensitivity of biotic communities to
different environmental pressures (including flow intermittency) may
provide a greater causal understanding of mechanisms driving ecolo-
gical change (Clews and Omerod, 2009) and potentially identify metrics
which can detect environmental pressures irrespective of channel
Fig. 3. Boxplots highlighting differences in biomonitoring index values between each flow permanence group and drying pattern. a) BMWP; b) Ntaxa; c) ASPT; d) Family LIFE. Boxes
show the 25th, 50th and 75th percentiles, whiskers indicate the minimum and maximum values within 1.5 times of the interquartile range.
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drying events (Morais et al., 2004; Mazor et al., 2014). The results of
this study demonstrate that existing biomonitoring indices, which are
routinely utilized within the UK to classify the ecological status of
waterbodies for the Water Framework Directive, are significantly af-
fected by flow intermittency and do not necessarily reflect biotic re-
sponses to a targeted environmental stressor within temporary streams.
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